Optimization of a Hybrid Carbon/Glass Composites Afterbody of the Amphibious Plane with Finite Element Analysis by Thianwiboon, Mongkol
  
 
Article 
 
Optimization of a Hybrid Carbon/Glass Composites 
Afterbody of the Amphibious Plane with Finite 
Element Analysis  
 
Mongkol Thianwiboon* 
 
Department of Industrial Engineering, Faculty of Engineering, Mahidol University, Nakorn Pathom 73170, 
Thailand 
E-mail: *mongkol.thi@mahidol.ac.th (Corresponding author) 
 
 
Abstract. The main objective of this research is to find the optimized lay up for the 
afterbody of the amphibious plane which can carried load according to ASTM F2245 
(Standard Specification for Design and Performance of a Light Sport Airplane). 
The finite element analyses of hybrid carbon/glass composites are carried out using 
ANSYS ACP under assumption that the hybrid carbon/glass fiber composites could 
combine the strong sides of carbon and glass fiber reinforced polymer to balance between 
strength, weight and cost to achieve the requirement for each design of the aircraft. 
While the stress of the carbon and glass fiber in the structure are within the safety limit, 
the results show that the weight is minimum when the laminate ply pattern consists of 3.18 
mm foam core (D) sandwiched by 3 layers of carbon woven fabrics on both side 
[(±45)
C
(0/90)
C
(±45)
C
D̅]
S
. While the laminate ply pattern with 3.18 mm foam core 
sandwiched by 2 layers of carbon and 1 layer of glass woven fabric 
[(±45)
C
(0/90)
C
(±45)
G
D̅]
S
 on both side have a good balance between weight and cost. 
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1. Introduction 
 
The aircraft in this study is designed as a seaplane made of composite materials with wing span 9700 mm 
(excluding wing tip), overall length 6650 mm and maximum takeoff weight 650 kg. Its structure are designed 
based on FAR Part 23 (Airworthiness Standards for a Utility Category Airplanes) and ASTM F2245 (Standard 
Specification for Design and Performance of a Light Sport Airplane). 
This seaplane also equipped with retractable landing gear making it an amphibious aircraft which can 
land either on land or on water. The CAD model of this aircraft with the landing gear in deployed position 
is shown in Fig. 1. The bottom half of the fuselage is specifically designed to acts as a hull for operation on 
the water [1, 2, 3]. The hull is divided into forebody and afterbody by a transverse main step [4]. The edge of 
the step is placed slightly aft of the CG [5], and the height of the step is typically approximately 2.5 to 8 
percent of the hull beam [5, 6]. Two transverse steps have sometimes been employed in the design of the 
seaplane hull [7].  
 
Fig. 1. CAD model with landing gear in deployed position. 
 
The step separates the water from the fuselage skin during takeoff by forming an air pocket behind it, 
which leads to a reduction in suction. As the speed of the aircraft increases, this air pocket begins to extend 
toward the stern and separate the aft of the hull from the water. A slight forward pitch cause the after body 
to lift and clear of the water. At this stage, most of the seaplane’s weight is supported by hydrodynamic lift 
rather than the buoyancy (Fig. 2). The water drag is greatly reduced, allowing the seaplane to accelerate and 
skim to takeoff speed. This position is called “on the step” [2, 4].  
 
 
 
Fig. 2. The plane is skimming with attitude is nearly level. The hydrodynamic lift supported most of the 
weight. The afterbody is clear of water. 
 
Without the step, most seaplanes will lack sufficient power to accelerate to takeoff speed. Anyway, this 
surface discontinuity increases the aerodynamic drag of the seaplane [1] and also induce stress concentrations 
around the step. Thus, the step is naturally weak point of the fuselage when subject to the aerodynamic load 
from the empennage and load during landing. 
The empennage of the seaplane in this study consists of the fuselage afterbody integrated with the vertical 
and horizontal tail. The vertical and horizontal tails consist of fixed aerodynamic surfaces, such as the vertical 
stabilizer, the horizontal stabilizer and the movable aerodynamic surfaces, such as the rudder and the elevator 
[8, 9]. The fuselage is designed as a monocoque structure combining a stressed skin and bulkheads made of 
composite materials as shown in Fig. 1. but the afterbody structure is lighter since it receive less stress [3, 10]. 
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The fuselage and the bulkheads (BH) are shown in Fig. 1 and 3. Each bulkhead consists of the web and 
flanges as shown in Fig. 4. The outer and inner flange are designated as rim and collar respectively. 
 
 
 
Fig. 3. Bulkheads inside the fuselage. 
 
 
 
Fig. 4. Bulkhead components. 
 
In this paper, the finite element analyses of hybrid carbon/glass composites are carried out in ANSYS 
ACP to find the suitable ply pattern which can compromise between weight and cost in a light sport airplane 
with limited weight according to the standard. The study also provided some useful data, which serve as a 
guideline for the future design or detailed design. 
 
2. Literature Review 
 
Composite materials are a combination of  two or more materials which are reinforcements (fiber) bonded 
together with the matrix (resin). By combining the best properties from each material, the composites can 
achieve the best characteristics that neither of the constituent materials could achieve on their own [11, 12, 
13]. Composites materials are typically built up by embedding the individual plies of fibers into a polymer 
matrix layer-by-layer [14]. Due to the laminated nature of composites, the stiffness and strength are changed 
with the orientation of fiber. The optimum properties can be achieve by orienting the fiber direction with the 
direction of primary load [14, 15]. 
Composite materials are increasingly used in aerospace applications due to high strength-to-weight and 
stiffness-to-weight ratio, high corrosion resistance and resistance to damage from fatigue [11, 16]. 
Furthermore, composites material have a capability to be formed into large and integrate structure such as 
wing and fuselage [17, 18, 19]. The traditional E-type glass fiber composites provide adequate strength with 
low cost and suitable for interiors or small parts that do not have to carry heavy loads or stress [20, 21, 22]. 
The interest to stronger and lighter carbon fibers is growing in applications where a small amount of flexibility 
is allowed due to its stiffness. However, the carbon fiber have higher price (about 8x-10x of E-glass) and 
relatively low on compression strength while the glass fiber has lower tensile modulus, higher strain-to-failure, 
able to flex and take more strain without shattering. Carbon fiber are also more sensitive to fiber mis-
alignment from manufacturing process. [15]. Then the hybrid composites containing both carbon and glass 
fibers attracted an interest of industries and scientists. It is expected that the hybrid composites, made by 
embedding carbon and glass fibers into common matrix, could combine the strong sides of glass and carbon 
fibers and compensating their weakness. [23, 24]. 
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Mander and Bader studied hybrid effect and strain enhancement for the hybrid carbon/glass fiber 
composite. The failure strain is increased as the proportion of glass fiber was increased due to glass fiber has 
higher elongation [25]. From the studies of Shan et al. The hybrid composites has better fatigue behavior 
both in air and water compared with all-glass composites [26, 27]. The analysis of bending fatigue stiffness in 
hybrid composites carried out by Belingardi and Cavatorta [28], a configuration with carbon fibers at the 
exterior and E-glass in the core provides superior bending fatigue properties. Cavatorta also stated that the 
strength of the structure is dominated by the outer carbon fibers [29]. Pui-yan Hung studied also shown that 
using carbon fibers as top and bottom layers helps reduce the size and defection of damage, as the flexural 
strength is controlled by the strength of the bottom layer [30]. 
Zhang et al. experiments found that the stacking sequence did not show noticeable influence on the 
tensile properties but significantly affected the flexural and compressive properties. The hybrid composites 
exhibited more matrix failure under flexural loading and more reinforcement failure under compressive 
loading [31]. It is shown that the hybrid composites with 50% carbon fiber provide best flexural properties 
when the carbon layers are at exterior, consistent with previous analysis by Cavatorta. The alternating 
carbon/glass stacking provides the highest compressive strength [32]. Thirumalai et al. comparative study of 
the hybrid composites shown that strain to failure of the carbon/epoxy specimens are less than the 
glass/epoxy specimens consistent with Mander and Bader studies. For hybrid composites, the tensile and 
compressive properties fall between non-hybrid carbon/epoxy and glass/epoxy composites [33]. 
The hybrid have high potential for using as highly durable and damage resistant materials. However, their 
performances depend on a number of microstructural and loading parameters, and these effects should be 
analyzed both experimentally and theoretically [34]. The mechanical properties is often simply obtained by 
using a general rule of mixtures (RoM). However, Chensong Dong research shows that hybrid effects exist. 
The properties obtained from RoM differs from that observed in reality. Large variations in the flexural 
properties exist in carbon/glass fiber reinforced epoxy hybrid composites [35]. Buddi et al. compare the 
experiment results with the RoM and Halphin-Tsai criteria and found that the finite element model can be 
used to predict the properties of composites [36]. Dulgheru et al. research found that the error from the 
simulation with ANSYS APDL is about 20% compare to the experiments [37]. 
To achieve the optimum design of the structures, the finite element method can be used conjunction 
with the optimization techniques to find the best candidate which meet the specific design requirements. In 
2011, Wei-XinRen et al. studied the feasibility to use the response surface methodology with finite element 
structural analysis. By fitting and evaluating with a simple beam case and extend to a more complex case [38]. 
Venkatesh et al. also implemented the FEM with the design optimization of the truck chassis [39]. Cayiroglu 
and Kilic used genetic algorithm and ANSYS Fluent to optimize the wing aerodynamic in 2017. However 
the limitation of the algorithm is computationally expensive and design variable can be determined only in 
narrow limits [40]. Ozroy and Kurmaz introduced an alternative approach by using Design of Experiments 
(DoE) and Response Surface technique with FEM to obtain three best candidates then finally select one 
candidate for manufacturing [41]. 
 
3. Material Data Validation 
 
The skins of the fuselage and bulkhead web of the seaplane in this research are sandwich composites with 
glass and carbon woven fabric and low density foam core (Divinycell® HT61 by DIAB Inc.). The specimens 
are prepared according to ASTM D3039/D3039M-14 and ASTM D3518-D3518M-18 (Standard Test 
Method for Tensile Properties of Polymer Matrix Composite Materials and Standard Test Method for In-
Plane Shear Response of Polymer Matrix Composite Materials by Tensile Test of a ±45° Laminate, 
respectively) and testing on Instron 5567 Universal testing machine. The 0/90 carbon woven specimens are 
shown in Fig. 5. Failure of the specimens submitted to tensile tests are shown in Fig. 6. 
 
 
 
Fig. 5. The 0/90 carbon woven specimens. 
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(a) 0/90 glass woven 
 
(b) +45 carbon woven 
 
Fig. 6.  Failure of the specimens submitted to tensile tests. 
 
Afterthat, the material properties from the testing are input into ANSYS database and validated with the 
results from the experiments similar to Dulgheru, Bostan and Marin [37] research with the axes convention 
shown in Fig. 7. 
 
 
Fig. 7.  Axes convention for material properties. 
 
Cost of the materials are gathered from the aircraft manufacturer, Asia Aviation and Technology (AAT), 
during manufacturing period between 2016-2018. Summary of the material properties and cost used in the 
fuselage and bulkheads are shown in Table 1. 
 
Table 1. Summary of the material properties and cost used in the experiments. 
 
Property Symbol 
Carbon 
woven / 
epoxy 
Glass 
woven / 
epoxy 
Divinycell® 
HT61 
Modulus of Elasticity (MPa) E11 36590 11580 75 
Shear Modulus (MPa) G12 2405 2030 20 
Tensile X, Y direction (MPa) σx, σy 395 160 1.8 
Tensile Z direction (MPa) σz 38.5 6.35 1.8 
Shear XY (MPa) τxy 49.3 37.9 0.9 
Shear XZ, YZ (MPa) τxz, τyz 22.6 22.1 0.9 
Poisson’s ratio υ12 0.285 0.285 0.5 
Density ρ 1.431 1.539 0.065 
Cost (USD/m2)  
19.7 1.5 51 (6.35 mm) 
34.7 (3.18 mm) 
 
4. Afterbody Simulations 
 
4.1. Location and Magnitude of Loads 
 
The coordinate system convention used for most aircrafts is based on XYZ system consists of fuselage station 
(FS), water line (WL) and buttock line (BL). The fuselage station (FS) designate location from the reference 
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datum along the length of the aircraft, positive pointing aft. The water line (WL) is the measurement of height 
from a horizontal plane usually located at the ground or the bottom of the fuselage. The buttock line (BL) 
designate location left/right, positive pointing along the plane’s right wing [3]. For the seaplane in this study, 
the FS0, WL0 and BL0 are located at the nose tip, at the bottom of the fuselage and at the aircraft plane of 
symmetry respectively. 
According to ASTM F2245, the horizontal stabilizer load consists of balancing loads, maneuvering loads 
and gust loads. While the vertical stabilizer is subjected to maneuvering loads and gust loads. The afterbody 
must be able to support loads from these control surfaces without detrimental and permanent deformation. 
ASTM F2245 also stated that the factor of safety of 1.5 must be used for ultimate load. 
The aerodynamic loads were applied at the aerodynamic center of each control surfaces. For most 
standard airfoil, the aerodynamic center is close to a location ¼ chord back from the leading edge [42, 43]. 
The location of loads are shown in Fig. 8 and Table 2. 
 
 
 
Fig. 8. Location of aerodynamic loads on the seaplane tail. 
 
Table 2. Magnitude and location of aerodynamic loads on the control surfaces. 
 
Control surfaces 
Magnitude 
(N) 
FS 
(mm) 
WL 
(mm) 
BL 
(mm) 
Vertical stabilizer 1450 5832 1280 0 
Left horizontal stabilizer 2070 5832 1280 663 
Right horizontal stabilizer 2070 5832 1280 -663 
 
Additional to aerodynamic loads, the afterbody also subjected to the load from weight of the empennage 
approximately 200 N and weight of itself due to gravitational acceleration. 
 
4.2. Laminate Ply Pattern of the Bulkheads 
 
Since the composite materials with carbon fibers at the outer layers shown superior properties compare to 
E-glass [28, 29, 30], in all parts, the +45 carbon fibers fabric were layup as the outer layer in laminate ply 
pattern. The laminate ply pattern of the bulkhead webs and collars are shown in Table 3 and Fig. 9. 
 
Table 3. Laminate definition of the bulkhead no.6 to 13. 
 
Bulkhead no. Bulkhead component No. of plies Ply patterna 
6 Web 5 [(±45)C(0/90)CD̅]S
 
7-13 Web 5 [(±45)C(0/90)CD̅]S
 
7-13 Collar 4 [(±45)C(0/90)C]S
 
 
 C : carbon fiber fabric; G : glass fiber fabric; D : Divinycell foam core; S : symmetry. Symmetric laminates 
with an even number of plies are represented by listing all plies on one side of the mid-plane enclosed in 
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brackets, followed by the subscript “S”. Symmetric laminates with an odd number of plies are listed with a 
bar over the center ply to indicate it is the mid-plane. 
 
 
(a) Web 
 
(b) Collar 
 
Fig. 9. The laminate ply patterns of the bulkhead components. 
 
4.3. Simulation Setup 
 
The geometric model of the seaplane afterbody was created as a shell models as shown in Fig. 10. The element 
are quadrilateral dominant with global size 15 mm. Mesh refinement has been specified to 8 mm at the step 
area for better accuracy. Total number of the elements in this model is 28928 elements. The model consists 
of the fuselage skin reinforce with bulkhead no.6 to 13. The locations of the bulkheads are shown in Table 
4. 
 
 
 
Fig. 10. Shell model of the afterbody. 
 
Table 4. Fuselage station of the bulkhead no.6 to 13. 
 
Bulkhead no. FS (mm) Bulkhead no. FS (mm) 
6 3019 10 4667 
7 3375 11 5190 
8 3753.3 12 5407.5 
9 4144 13 6062.5 
 
Total 48 laminate ply patterns of the fuselage were set up into 2 subgroups, A and B, with foam core 
thickness 6.35 mm and 3.18 mm respectively.  Table 5 shows the details of the ply patterns in each subgroup. 
For example, the ply pattern consists of 1 layer of carbon fiber and 2 layers of glass fiber with 6.35 mm core, 
this case is called A12. Figure 11 shows case A02, A12, B02 and B12 as examples. 
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(a) case A02  
(b) case A12 
 
 
(c) case B02 
 
(d) case B12 
 
Fig. 11. The laminate ply patterns of the fuselage shell. 
 
Analysis of the composite shell model of the afterbody was done with Ansys Composite PrepPost (ACP) 
and Ansys Mechanical Module, using finite element method. For structural tests, the surface of bulkhead no. 
6 was chosen as the fixed support and the gravitational acceleration was defined. The weight of the 
empennage was applied at the surface under vertical stabilizer as remote load. The aerodynamic loads on 
vertical stabilizer was applied with the magnitude and position specified in Fig. 8 and Table 2. The 
aerodynamic loads on both side of the horizontal stabilizer was applied with the magnitude specified in Table 
2. But apply only one direction (up or down) at a time. For example, the downward forces were applied on 
both side of the horizontal stabilizer as shown in Fig. 12. 
 
 
 
Fig. 12. Boundary and loading conditions. (A: Fixed support, B: Weight of the empennage, C: Gravitational 
acceleration, D: Aerodynamic loads on vertical stabilizer, E&F: Aerodynamic loads in downward direction 
on horizontal stabilizers). 
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Table 5. Laminate definition of the fuselage skin with foam core. 
 
no. Case 
no. of plies on one side 
of the symmetry plane Ply pattern 
carbon fiber glass fiber 
1 01 0 1 [(±45)GD̅]S
 
2 02 0 2 [(±45)G(0/90)GD̅]S
 
3 03 0 3 [(±45)G(0/90)G(±45)GD̅]S
 
4 04 0 4 [(±45)G(0/90)G(±45)G(0/90)GD̅]S
 
5 10 1 1 [(±45)CD̅]S
 
6 20 2 2 [(±45)C(0/90)CD̅]S
 
7 30 3 3 [(±45)C(0/90)C(±45)CD̅]S
 
8 40 4 4 [(±45)C(0/90)C(±45)C(0/90)CD̅]S
 
9 11 1 1 [(±45)C(0/90)GD̅]S
 
10 12 1 2 [(±45)C(0/90)G(±45)GD̅]S
 
11 13 1 3 [(±45)C(0/90)G(±45)G(0/90)GD̅]S
 
12 14 1 4 [(±45)C(0/90)G(±45)G(0/90)G(±45)GD̅]S
 
13 21 2 1 [(±45)C(0/90)C(±45)GD̅]S
 
14 22 2 2 [(±45)C(0/90)C(±45)G(0/90)GD̅]S
 
15 23 2 3 [(±45)C(0/90)C(±45)G(0/90)G(±45)GD̅]S
 
16 24 2 4 [(±45)C(0/90)C(±45)G(0/90)G(±45)G(0/90)GD̅]S
 
17 31 3 1 [(±45)C(0/90)C(±45)C(0/90)GD̅]S
 
18 32 3 2 [(±45)C(0/90)C(±45)C(0/90)G(±45)GD̅]S
 
19 33 3 3 [(±45)C(0/90)C(±45)C(0/90)G(±45)G(0/90)GD̅]S
 
20 34 3 4 [(±45)C(0/90)C(±45)C(0/90)G(±45)G(0/90)G(±45)GD̅]S
 
21 41 4 1 [(±45)C(0/90)C(±45)C(0/90)C(±45)GD̅]S
 
22 42 4 2 [(±45)C(0/90)C(±45)C(0/90)C(±45)G(0/90)GD̅]S
 
23 43 4 3 [(±45)C(0/90)C(±45)C(0/90)C(±45)G(0/90)G(±45)GD̅]S
 
24 44 4 4 [(±45)C(0/90)C(±45)C(0/90)C(±45)G(0/90)G(±45)G(0/90)GD̅]S
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4.4. Simulation Results 
 
Total 80 structural analyses were conducted. (20 cases for 6.35 mm foam core and 20 cases for 3.18 mm 
foam. Each case apply load in upward and downward direction). The maximum stress in carbon fiber, glass 
fiber and maximum deformation are shown in Table 6. For example, the maximum stress in carbon fiber, 
glass fiber and maximum deformation of the case A12 are shown in Fig. 13 to 15 respectively. 
 
Table 6. Maximum stress on carbon fiber, glass fiber and maximum deformation. 
 
(A) 
6.35 mm 
core 
Max. stress 
on carbon 
(MPa) 
Max. stress 
on glass 
(MPa) 
Max. 
deform. 
(mm) 
(B) 
3.18 mm 
core 
Max. stress 
on carbon 
(MPa) 
Max. stress 
on glass 
(MPa) 
Max. 
deform. 
(mm) 
A01 - 419.29 327.23 B01 - 537.34 394.73 
A02 - 245.92 146.44 B02 - 292.85 172.43 
A03 - 196.62 108.56 B03 - 236.92 126.45 
A04 - 156.96 80.74 B04 - 192.19 93.26 
A10 344.66 - 204.40 B10 448.00 - 246.76 
A20 245.19 - 61.88 B20 288.47 - 71.77 
A30 151.87 - 48.27 B30 175.75 - 55.47 
A40 141.71 - 34.74 B40 160.67 - 39.45 
A11 260.72 178.70 103.10 B11 316.39 239.78 120.56 
A12 214.98 149.53 84.69 B12 258.81 193.44 97.73 
A13 189.72 115.68 64.97 B13 224.00 145.26 74.29 
A14 163.55 103.53 57.24 B14 205.66 117.89 60.98 
A21 199.61 62.26 54.47 B21 233.40 71.40 62.49 
A22 184.47 57.44 46.90 B22 214.13 65.53 53.36 
A23 158.20 49.39 42.54 B23 197.64 60.55 46.70 
A24 148.60 46.37 37.91 B24 170.02 52.25 42.43 
A31 142.42 77.09 41.92 B31 163.52 92.24 47.65 
A32 126.71 71.31 38.53 B32 152.92 80.14 41.94 
A33 117.74 63.61 34.54 B33 136.14 74.26 38.55 
A34 106.60 59.65 32.18 B34 122.61 68.92 35.65 
A41 126.05 37.81 32.26 B41 150.72 65.77 35.62 
A42 117.08 35.29 29.56 B42 134.31 38.97 33.00 
A43 106.00 32.06 27.74 B43 121.07 35.33 30.72 
A44 101.11 30.64 25.72 B44 114.60 33.63 28.27 
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Fig. 13. Maximum stress on carbon fiber fabric. 
 
 
 
Fig. 14. Maximum stress on glass fiber fabric. 
 
 
 
Fig. 15. Maximum displacement. 
 
5. Discussions 
 
According to Table 1, the maximum stress of the carbon fiber and glass fiber used in this research are 395 
MPa and 160 MPa respectively. Anyway, section 5 of ASTM F2245 clearly indicated that an ultimate load 
factor of safety of 1.5 must be used. Then the maximum allowable stress in carbon and glass fiber are 263 
and 106 MPa respectively. Figure 16 compares the maximum stress in carbon and glass fiber with the 
allowable stress of each fiber type. 
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(a) Max. stress in carbon fiber of subgroup A 
 
(b) Max. stress in glass fiber of subgroup A 
 
 
(c) Max. stress in carbon fiber of subgroup B 
 
(d) Max. stress in glass fiber of subgroup B 
 
Fig. 16. Maximum stress in carbon fiber, glass fiber in subgroups A and B compare to allowable limit. 
 
The relationship between maximum stress in each type of fiber and no. of carbon plies and no. of glass 
plies can be plotted in surface plot as shown in Fig. 17. The contour plots were shown in Fig. 18. 
 
   
(a) Surface plot of max. stress in carbon fiber 
vs no. of carbon and glass plies (subgroup A) 
 
(b) Surface plot of max. stress in glass fiber vs no. 
of carbon and glass plies (subgroup A) 
 
(c) Surface plot of max. stress in carbon fiber vs 
no. of carbon and glass plies (subgroup B) 
 
(d) Surface plot of max. stress in carbon fiber vs 
no. of carbon and glass plies (subgroup B) 
 
Fig. 17. Surface plot of maximum stress in carbon and fiber vs no. of carbon and glass plies. 
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(a) Contour plot of max. stress in carbon fiber 
vs no. of carbon and glass plies (subgroup A) 
 
(b) Contour plot of max. stress in glass fiber vs no. 
of carbon and glass plies (subgroup A) 
 
(c) Contour plot of max. stress in carbon fiber vs 
no. of carbon and glass plies (subgroup B) 
 
(d) Contour plot of max. stress in carbon fiber vs 
no. of carbon and glass plies (subgroup B) 
 
Fig. 18. Contour plot of maximum stress in carbon and fiber vs no. of carbon and glass plies. 
 
From Table 6, Fig. 16 to 18,  there are many possibility in laminate ply patterns which the maximum 
stress in both carbon and glass fiber are not exceeded the allowable stress. For finding the best candidate, 
two criteria were applied to result. These are, weight and cost. Using these constraints, the candidate with 
minimum weight and cost will be selected for manufacturing. The list of candidates is shown in Table 7. 
 
Table 7. The list of laminate ply pattern candidates. 
 
Case 
Max. stress in 
Carbon fiber 
(MPa) 
Max. stress 
in Glass 
fiber 
(MPa) 
Weight 
(kg) 
Cost 
(USD) 
A30 151.87 - 6.96 515.50 
A14 163.55 103.53 10.81 359.44 
A21 199.61 62.26 7.08 430.38 
B30 175.75 - 5.99 439.41 
B21 233.40 71.40 6.12 354.29 
B22 214.13 65.53 7.92 361.38 
 
The candidates with minimum weight are case B30, B21 and A30. And the candidates with minimum 
cost are case B21, A14 and B22. It is clearly shown that the B21 have a good balance between weight and 
cost with maximum stress in both carbon and glass fiber within the allowable limit. 
 
6. Conclusions 
 
Although, the strength of the aircraft afterbody increase significantly with increasing number of carbon fiber 
layer and many advantages of the the carbon-fiber composites over the glass-fiber composites, but the cost 
aspects have to mentioned along with the strength of the structure. With the hybrid carbon/glass fiber 
composites, the balance between strength, weight and cost can be achieved. 
While the stress of the carbon and glass fiber in the structure are within the safety limit, the results show 
that the weight is minimum in case B30 with [(±45)
C
(0/90)
C
(±45)
C
D̅]
S
 laminate ply pattern with 3.18 mm 
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foam core. The minimum cost occur in case B21 with [(±45)
C
(0/90)
C
(±45)
G
D̅]
S
 laminate ply pattern. The 
latter case is a good compromise since the weight increased only 2% with 19% in cost reduction. 
However, the physical prototype must be tested according to ASTM F2245 Standard to ensure 
airworthiness and safety operation before conducting the first flight. 
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